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{54} SEMICONDUCTOR DEVICE AND SEMICONDUCTOR SUBSTRATE 



(57) Ifter^toprovkteassmieoncktctordavtoohav- 
inc- a fieicf effect transistor with a fow pwsr consumptJorj 
and a high speed by use of the coronation Of Si and 
an element such as Ge, G or the Mko of the same group 
as SI, a strain is appSed by a strain applying semteon- 



(Sudor layer 2 to a channel forming isyer 1 having a 
channel of th* fiaki effect transistor lornied therein so 
rhatthemobiB^ofcarrfarainthachannsi is made larger 
Sinn the mobSBy of carriers in 8iat material of the chan- 
nel forming layer which is unstrained. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. S » a diagram for explaining the principle of operation of the present invention of a bend diagram of the 
rm*teyer«i structure of 8n siC^ gate insulating film, a strained Si fayor and an Si^Ge, strain applying layer ; 



Rg 4 s a bam) diagram m a stale m which a aeep n-iypa doping is applied to the warmest podtor, d! me Si, Se 
strain appiyirtg layer of the structure shown In Fig. 1 ; °<***»«* 
fig. 5 is a b*nd diagram in a state in whfch a substrate biasing voitaga is applied to the structure shewn in Fie 1 - 
Fig. 6 is another diagram for explaining the principle of operation of the present invention or a band rfSaoram' of 

Z^X^SZT Si0z ,m * 51ra ^ ffl ^ a ^ " 

Fig 7 Ss a cross section showing the structure of complementary field effect transistors according to embodiment 
1 of the present invention; * <u«u«<i«™ 



4 f the* 8 eit5SS ' SeCSo " {fM> structUf * ° f compiementary field effect transistors according to Embodiment 
Fig. tt is a cross section showing the sti 

5 of the present invention; 

5 f 9; * a * B «w« section showing the structure of compfementary field effect transistors ecet >rding to Embodiment 
t> of !fw present w*v$fitioii; 

fig. 14 is the cross section of M SO! substrate according to Embodiment 8 of the present invention- 
fig. 15 « the cross section of an SOI substra.e according to Embodiment 9 of the present invention;' and 

BEST MODE FOR CARRYING OUT THE INVENTION 

10014} First, the description will be matte of the band structure of and the principle of operation 0} a fieki ^ 
* ar^tor having a channel o! Si subjected to a strain, ft fe suiiabte to use Si^Ge, (oT » < t,£JS 

3, a strained S> layer 1 and an Si^Ga, siratn applying fayer Z. The band diagram exhibits a band disconUnuiW the 

USS^iSZ eSeTS 6 ^,^^ %T ' * * *°* 7 ^«SStS 

flm*] Now, « ft, case of an rnype field effect transistor, aw appHcatjon of a positive voltage to the gate causes a 
band fcmd ft ihe vicinity of the interface between the gate insulaHngmm 3 and the m**t& tWfS Z 

Wm. ftwfijr enebfrnga traftstatoroperaSon. This is quite the same as 8 „ ordinary M«^wSte*£? 

5^ 1 S ^ Mrain 2 *» 8 «** It of id. vaience band 

2 te ^ ss <>ornparad that in ft. strained Si layer 1, there i* e m^Qm^Z^tl 

m^^mi be contemplated as compared wimar,or^ary MOS type feidetTect transistor. Also, there i, epr^lm 
that in thecsw where t^toenafytmWsff^trattsistm 
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for example, when the thickness of the strained Si layer 1 is ?0 nm. the Junction depth may be selected io be about 
40 nm. Since irtis is much the same bs a value usad in a ahort-chenne! device having a channel length shorter than 
0,1 microns, 8 is sufficiently realizable, 

{001 S] in » second meshed, a steep n-fype doping, preferably, with the doping depth in the range of 0.1 to 30 nm is 

s applied in the vicinity of the interface between tha St^Ge, strain applying iayer 2 and the strained Si layer t . Wish this 
method, tits energy »vet a the top 43 of the notch 12 of the valence ©and m the SI^Ge,. strain applying layer 2 is 
lowered, bs shown in Rg. 4. For example, » becomes lower than the energy level at tha top 42 of the Mich 11 of the 
valence band in the strained Si lays* 1. As a result. Use storage of holes in the notch 12 is reduced. This method can 
also ix> realized by applying the n-type doping to the eirainad SS layer 1 or both the sh-atond Si layer and the Si^Ge, 

f« strata applying layer 2, In this esse too, it is preferable that the doping depth is in the range of 0.1 to 30 nm. 

{0019} tea thtrdmethod, a substrate biasing voltage Isconr/clledso that a positive vottaga is applledonto Sis Si^Se, 
strain applying layers side. As shown in Tig. 5, this method provides a band structure with a downward incBnaibrt on 
the right side, that Is, 8 falling on the Sl,.„Ge, si/ain applying layer Z side so that the energy ievei at the top 43 of the 
notch 12 of the valence tend In the SI^Ge* strain applying layer 2 becomes tower thaw me energy level at the top 42 

is ot the notch 11 of the valence band in the strained SI layer 1 . As a result, the storage of holes in the notch 12 is reduced. 
[0020] As mentioned In the above, the prevention of the effluence o? holes from the attained Si channel into the strain 
applying layer & a factor, indispensable to the realization of a p-type field effect transistor of complementary llaid effect 
transistors. Further, in order to contemplate the enhancement In speed and the reduction m voltage, the employment 
ot the following construction is also effective. Namely, the material of a drain region In the case of a p-type field effect 

so trartssstof or a source region in the case of an n-type Said effort transistor m selected to be the seme parent material 
as the Sl,. x Ge, strain applying layer or to have the same composition ratio as the SI^Ge, strain applying layer. With 
sucn « extraction, a band discontinuity between the atrainari Si and the SiGe causes a change in electric fiafd dts- 
iribution Between the source and the drain to enable the more effective acceleratton of carriers. Thereby, a further 
enhancement in speed can be contemplated and the reduction in pinch off voltage enables an operation at a tow voltage. 

as [002-tl. The description up to here has been made in conjunction with a transistor using strained Si aa a channel tor 
amer electrons or hotel, in connection with holes, however, when strained SI^Gey {0< y a 1) ts used as a channel, 
there is realized the further increase in mobility, that Is, the further enhancemem in speed, in the ease where Sf^Ge, 
fe used for a strain applying layer. Si formed as an overlying layer on S!,.,Ga* is applied with an in-plane tensile strain 
white Si, Ge, formed as an overlying layer on Si,„,Ge„ is applied with an in-pSart* compressive strain, 

x 10022} In the esse where a strained SI^Ge, layer £5, a strain Si layer 1 and a gats insulating film 3 are formed In 
me mentioned order on tm Si^.Ge, strain applying layer 2 so that they overlie each other, there results In e bond 
diagram, as shown in Fig. 6, in which electrons are stored in the notch 1 Q ot the corriuction band in the strained Si 
layer 1 in the vicinity ot the interface between the strained Si layer 1 and the gata insulating film 3 and tides are stored 
in the notch 20 of the valence band in the siralned Sl^ySe, layer 25 in the vicinity of the Interface between the strained 

ss Si layer 1 and the strained SI^Ge, layer SS. Unlike the case where the strained SI layer 1 Is used aa a channel for 
holes, me affluence of boies Into the strain applying layer 2 becomes hard to generate. Whichever of the strained Si 
iayer 1 and the strained SS,.,Ge r iayer 25 overlies ma other, it is possible to operation the resultant structure «s a 
device. However, since the mobility of holes in the strained SS^Gey layer 25 Sa higher than tha mobility of b! ectrons in 
the strained Si layer 1 , a construction having the strained Si,. y Ge ? layer 2S far from the gate electrode or overlaid by 

*t> the strained SI iayer 1 is mere preferable considering a balance in mutua) conductance in ihe case where complemen- 
tary field effect transistors ere formed. 

{0023} Also, an additional SiGe layer may be sandwiched between the strained Si layer 1 or the strained Sij.^ 
iayer 25 and the gate insulating film 3. In this case, since electrons or holes are confined In the strained Si layer t or 
the strained Si^Ge, iayer 25 In the victntty of tha Interface thereof with the addStonai SiGe layer, they ana free of the 
■** influences of the Interface state wfth respect to the gate Insulating film 3 and the scattering thereat. 

£00241 Alee, instead of ihe coristwtion in which the strained Si layer and the strained St^Ge, iayer are formed 
ovsrtylng each other, they may be grown by use ot a selective growth method so that the strained St^Ga, layer is 
grown in a rj-channei area while ihe strained Si layer ts grown in an n^hartnetarca. 

{0025} It is preferable that Sit -xGex is used for the strain applying layer. The lattice constant ot Ge is larger than that 
so of SI by about * %. The taMce constant of SI,.»Ge» takes art interpolated value in accorda nee with the Ge composition 
ratio. Accordingly, it a proper value of x Is selected, St is possible to apply a desired strain to Si or Ge overlying Sf,.,Ge r 
For example, If x is selected to be 0 .$, it Is possible to apply an In-plane tensile strain ot 2 % btw* an in-plane compressive 
strain of 2 % to SI and Ge, resperttvely The magnitude of the strain of each of Si and Ge,, can be eontrolied in 
accordance with the selected value o! x. Namely, the fewrfana lattice constant of a airametl Siiayer can be made larger 
a* than that of unstrained Si within a range of propordona less than 4 % and the in-plane lattice constant ot a strained 
Stj.jGey iayer cart be made smaller than that ot unstrained Ge within a range oi proportions less than 4 %. Thereby, 
a batssnea in mobility between electrons and hoies can be controlled to make a balance In transconductance between 
con^ierafifliary field effect transistors with each other, in she conventional compiernentary field affect trartsMors, the 
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e^tmen! has been made 

8fl """" *»»*9«.<* freedom in design and is aefrantegeous to an ™* h degre^ 

[OOaej The way for strain controf opting She changs in s« composition ratio of Si,.^, may be to cham» it* 
y in (S^G^ having the addition of C. A method « add™, C rr^Ah* L*Jo7c5 2 
^ " 9 ^ ' Mm °° to » a** » of a 

mm The strata applying layer may be provided by a method of growing Sf^Ge, having a fed cornposifen or 
7 ta - 8 *** ^ by a method of mowwing a position ratio x gmduaflXward thl 

ta ^ tM ^ of f 0 ™^ fi tey« on an Si substrate, tor •xampt.. through the ImpiarMatfcr. ct tons of 

saSj ^t»tnlt CSSe Sf '" 6e " * **** 8™"* «* " S sub£,fat * *«» ««*• in a 

{002»J Afso, when a portion including a substrate and a strain applying lay* fe provide with a ac-c*Sfed SOt {Silicon 
On hsuiatorj structure, a furthar enhancement in speed can be contested by virtue of the re&^onot a^av 
capacity, a water-bonding ryp, SO l substrate, an SiMOX Reparation by Imptemed Oxygen) nmh, and so form 
afay^aiiableforSOI. An Si^Ga, mlB^^I^CM^^on^.l^iSSl 
a strained Si (S^uey (8<yS1)) field effect transistor in which the best use of the feature of SOI is made 
mm Ateo, amt ean be used a method which includes a* steps ot first growing an Si^Ga, strain applying layer 
onanSi^ete.t^ 

TJL^f^ «em**"** Sljustmerebeiowand thereafter growing a steeds teyercCnS 

whfa* ,nci*de* ihe steps of first growing an S f,,G«, strain epptyins iayer and a «2ad Si layer on « 

and thereafter performing the frnptentatfon of oxygen ions and e heat treatment to bury an SfO, ' ****** layer *Z 

strained Si fey*, WSh the use of these method, She thickness of the SOf active layer can t»»XcJamS^l 

^j-* P -«ed^^ 

trtsufaflng layer fees just beiow the strained Si layer, there is not generated the ftafiier-fnenttoned pr obietn in pMOS thai 
hates Bow Into the strain applying iayer. P 



™„ „,„ „<_ .orra. 

t«W»I AftatmtBvety, a !s prapared by growing an SI^Ge, app^ teyar on eft Si substrate further 

growmg an SI layer and thereafter subjecting » p*rt or the whole of the Si tayar to thermal oxidation tJ^Ii 

a vapor growth mothod or tfto like. The resultant structure and a eaparateiy prepared supportinc- sobstf ate are bonded 

hav.ng the SI^Go, arato aoplyng iayer 8 rowr) thereon or pertorming the cutting ihrough the tmplantetjon of hvdrnn™ 
ions 8,e insertion of an Intatme^ta porous Sl layer, or the l*e. hereby, toJ^LJ^SS^SZ 
Z'-H' IT "T* 1^ "ST ^ mta «*« B to remove that porS 5e 

Si,.^, ssrain applying iayer which fat near me Si substrata and has a high detect density, tfw redocHon in defect 
density can be contatr.plated. Further, if the poshing, atohfngor tha Ska is made. 

is fa^ « method, the tr**r^ of the SOf active iayer can be reduced. excX otSTo LIS is 
prowtetf and no pMOS/nMOS we* layer is required. *Qisww is 



.prepared sl„,._ , 

? P !l« T T ^ ^ 8 *«»n«n9iy. Bw s^teta car. be hantfled in a manner 

qu*e» to tMcoftveftlionai sot substrate, is excetemin tfeviceisotation and regies no pMO^Sffiwe^aC 

stXso^r^r^r^^^ 

I^T ^ h ^ ^ PMOS mat hoiel 

^ ^i thteitn8SB - »««w0»«»«*«. a strained Si layer Is gro*n on an Sl,.^ strain 
!S TTT' ****** ™> ^ °f «"*» * «*« 0.8 % and iha crSfcaf thickness is about 

o^tJSel ^ h '" 89 ^ Ul19 « * criticai thk^nesa fat ar^rt 10 *». However^ 

crttaal thtetaass depends upon me condition of growth of the strained Si layer and is not uniquely determinable Also 
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Embodiment 2 

{60421 Fig. S is fee cross section c? CMOSFETs according to the present embwiimem. in the present etntoodfmem, 
the depth of the source/drain ragtoo* 17 and 1$ is selected !t> be 50 nm whien Is deeper than 30 nm in Embodiment 

s 1 sod is used si the ordinary case. Tharelnstead, at the lime of formation of the Si^Se, strain applying iay« % an 
upper depth portion of the layer 2 down to 30nm is subjected to steep n-type doping at a high concentration of 10™ 
per cubic centimeter with a f> doping gas mixed. In this ease, the nMOS area is covered with an oxStie film in order to 
subject oniy the pMOS area to the doping. The oxide film is removed alter the doping is conducted. 
[00*3} However, the ton implantation for well formation is not matte to the pMOS srea subjected to the steep doping. 

to {CWtJ in the present embodirwnr^ 

the transconduclance and the cut-«S frequency. 



M {0045} F^.SisthecroSSsecttontfCMOSF^sa^ 

She appltasttan of a positive Was to the pMOS well regie* is substituted tor the swap doping in Embodiment 2. 
[0048| More jwrtfctaatV, a contact bofa is provided at the outside of a device area ana en ohmic contact is formed 
thereat as a bias appiytog electrode 22. 

£&Wj By applying a voltage of +t V to the bias applying electrode 22, a punch through current car. bo reduced to S 
so % of less a* compared with that in tha caae whwe no bias i» appiisd. 

£0048} The method* based on Embodiments 1 to 3 can be applied simultaneously and the combination of two or 
three thereof is possasia. 

Embodiment 4 

as 

[0040} Fig. 1 0 te the ores* section of CMOSfHT* according to the present ambodiroBrn. in tfta present embodiment, 
a drain region tS of the strained Si iayer 1 m the p-type MOSPET and a source region 14 of the strained SI layer 1 in 
the n-iype MOSFET in Err*odiment 1 am selectively etehad and the etched portions are Sited up with Si,.,Ge x fevers 
23 setacttveiy grown therein. However, the surface lever ot this portion wSh 5 nm is made of Si, thereby preventing the 
so SI^Ge, layer 23 from being damaged in the *ut>sec,uer<t process, 

[00501 The operating voftege of the transistor according to the present embodiment can be reduced as compered 
with the operating voltage of 3 V which are often used m coftwmfofw! MOSfETe. 

Embodiment S . 

35 

[0051} Fig. t J is the cross section of CMOSFETs according to the present embodiment Tha present embodiment 
is characterized in that a strained Gey layer is used as a channel for PMOS. 

tBQ52J An Si substrata 1 3 is subjected to hydrogen ion implantation beforehand so that a tayer with a high defect 
density is formed e*ten*ng from tha surface to the 100 nm dspth. After this substrata is cleaned, H is immediately 
w introduced into a chemical vapor deposition chamber lo grow a tower strain applying fcsyer 2 made of SI^Ge, with * 
changed from 0.3 to 0.5 toward the growth direction. The thickness is 300 rm Source materials used Include SijHg 
and GeH 4 and tha layer is grown at a growing temperature of 70G»C. 

{.0053] Further, an upper strain applying iayer 24 with 30 nm thickness made of $io S «e<us. » strained &b iayer 25 
with 1 0 nm tfackness, ami a strained Si iayer 1 with 1 3 nm thickness are sfmf toffy formed in m mentioned order so 

« that they cverBe each other. The growth of tha SI. Go and SfGe layers Is not limited to tha chemical vapor deposition 
method. Any method capable of crystal growth having the above composition may be used. Tha strained Ge layer 25 
is subjected to an in-plane compressive strain and the strained Si layer 1 Is subjected to an in-plane tsnsSe strain. 
Thereby, both holes in the strained Ge iayer 25 and electrons in the strained Si layer 1 have effective masses reduced 
as compared watt those in ordinary Si so that the mobilities thereof are increased. 

» [0O54J Neart, Bwa are performed, in a ma^mw simiUr to that in Err^irna^ 

region IS, the ton implantation for waif formation over the Si^e^ layer 24 as the upper strain applying iayer and 
the SI, .Ge, layer 2 as the fewer strain applying iayer, and She low-<>Oncentmtton ton ImpfantaBon for throshofd valae 
adjustment to an upper portion of the strained Si layer 1 end an upper portion of the strained Ge teyer 25-Subsequentty, 
ftw formation of an SiOg gate Insulating tSSm 3, the formation of a gate electrode 1 8 and the formation of sourceWrain 

s* regions 1 7 and 1 8 am formed. The ton implantation depth of the source/drain regions 1 7 and 18 is sstected such 
that the depth for nMOS Is 1 0 nm which is on the same order as the thickness of the strained Si layer 1 and the depth 
tor pMOS fe 20nm whfcft roaches the strainad Go iayer 25. FinaSy, the formation of an Irrtef-iayer insulating film, the 
provision of contact notes and the formatton of a metal wiring are performed, thereby eompteting the CMOSFETs. 
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JD055} in m present embodiment, the &tj&** MwMh«-Wil.gfww»a* upper strain applying layer. 
Therefore, strasn apcifcaiten quantities applied to she strained S! layer 1 ana me strained Ge tayer 25 are &jge 
18856} in the present embodiment Ge. layer 

<0<y<1>wShthe mixture of SI may be tiffed. In this case, the «rr*es*ion ratio y Is selected )0 b « larger 
compossien ratten x of the SJ^Ga,, strain flying fayer. 



(OOST! Hb-IJ 

a« Si^Ge^ banter layer 30 with 2 nm fe formed on the strayed Siteyer t in Errfcodtaeri's'" 
£0058} Sirs* the Si^Ge* s »*»taf layer 30 is thus provided between tha strainsd si layer 1 and the gate iDsuiaiing 
tm 3, electrons ere not scattered at the interface between the strained Si Sayer 1 end the gate insulating tftn 3 or they 
^J^f in Ste ***** SitayBr 1 in the viclnft y of m<! w ^ 3< * beiwa * fl iheS^^s^fiayeraOartdihestrsted 

[0059J In the present embodiment, the strained S) layer 1 1* formed es en overlying layer en the strained Ge iByer 
25, f towevet, this overlying sequence may be reversed, The km imptentatior. depth of the source drain regtora 1 7 and 
1 a is selected such that the depth for nMOS ts 1 2 nm which is on the same order as the thickness of the strained Si 
fayer 1 and the depth tor pMOS h 82nm whteh reaches the strained Geteyersfi. 



£0066} Fig. 13 Is the cross section of CMOSfETsaccor<fing to ^present errdaodimeftt, irtthepra 



the overlying arrangement of the strained SI layer 1 and the strained Ge layer 2S in Errfcodiment S is replaced by (he 
jujrtaposjtfonwparaiiBtarranf^wwsrtt ' 
[Ot»t| More particularly, it is a strained Ge teyer 25 with 10nm for the pMOS area and a strained SI layer 1 with 12 
nm for the nMOS area which are selective* grown en the Bi^^ strain appiying layer**. The strained Se layer 
25 is subjected to m fn-piane compressive strain and the strained St layer 1 is subjected to an in-plane tensile siraln. 
Thereby, both holes in the strained Ge layer 25 end electrons in ihe strained Si layer 1 have effective masses wtJoefi d 
as compared with those m ordinary SI so Stat the mobiiaies thereof are increased 



f(XK*J Pig, 14 is the cross section of art SOI substrate according to the present embodiment. After an Si substrate 
13 having an epitaxial layer 100 nm thick with high defect density formed en a surface thereof is cleaned, the SI 
substrate 13 Is immediately introduced into a chemicaf vapor deposition chamber to grow an Sl v Ge strain fipplyino 
layer* The thickness is 1 SO nm. Source materia!* used inciude S^H s andGeH 4 andtbe layer is grew at a tampermura 
of 700-c, The Ge composition ratio x of the Si^Ge, strain applying Say*r2 « arbitrarily antotabfe However, t « o 2 
to 0.4 provides a satisfactory result in order to optimize a strain to be applied to a strained SJ layer t which will be 
formed iater on, in the present embodiment, x ts selected to be 0.3. The growth of tha Sf and SiGa layers is not limited 
t^ehemfcal vapor deposition. Any method capable of crystal growth having the above composition may be' used. 
J0063] New, oxygen tons am Implanted from the upper side of strain appfyirxj iayer 2 under tha conditions 

of the acceierating voltage of 1 60 KeV and the dosage of 4 x 1 (Wem* and the annealing b performed for 8 hours at 
1350*C. Thereby, an SiOj, insulating layer 28 is formed just below the SI^Ge, strain applying layer 2. The thkAr.es* 
tfth. SO* tetttafeg iayer 2fi Is about 100 nm so mat a breakdown voltage to «mS£ vZ 50 Vis ensure? 
With the annealing treatment, the SI^Ge, strain applying layer 2 can have a very tew defect densSy. a flatness and 
• ****** strain relaxation. Further, a strained SI layer i with &} nm mfekhess Is formed or, the Sayer 2 through a 
chemical vapor deposition. ' ^ 

[0064* Thereafter, a process similar to mat in Embedment 1 of the present Invention or the like can b* ^d to 
rZ^^r G»OSF6Ts, The usa of ma present substrate make* ihe ton ^iamatfon into wen layers necessary, 
fJWSS] Also, sinceastray capacity is greatly reduced, the operating speedof the containingtha present 
FEfs can ba enhanced by about 40 % as compared with mat when an ordinary SI substrate ts used, 

Err^iment? 

10666} f% 15 is the cross saction of another embodiment of the SO! substrata. In a manner similar to that in Env 
bodimem 8 an S>, Ge, strain applying ieyer2 is formed Thereafter, a strained SI iayer 1 with 120 «m ftfeknese is 
!?, S * fi *» S£fBi " **« 2 a e*"^* *J»s»ton method. Hem. oxygen tens are 

Ranted fram (he upp^ s!(te of mc «rttwd si fayer 1 under ihe condStons of Ihe asperating vcSage ofSO KeV ami 
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the dosage of 2 x t0 lr /em* and tha annealing is performed Jot S hours a 1300*C Thereby, an SiO a insulating layer 
26 is f orrned Into She strained Si layer 1 » The thickness of the SiO^ insulating layer 26 to assess 90 firn. 
|90S7J In the ptt^m err^Jment, the ton trtptontatton into wet! layers bswr^«nnec^ary. tnsd^on.theetttu- 
enee of holes into the SiGe strain applying layer in pMOS is hard to happen. Trieretore, it to not nacassary to use »w»S 
* special measure tor prevention of th* effluence of holes which is based on th* doping, the application of a bias, or trie 
like. 

E^tsdirrtent 10 

» £0066] Figs. 16e to 16<i ate cross sections showing the manufacture steps of an SO! substrate according to the 
present embodiment. First, a Si substrate 1 3 having an epitaxial layer 1 00 nm thick with high offset density formed on 
a surface thereof is introduced into a chemfcal vapor depositfort chamber immediately after the cleaning thereof so 
thBten Si^Ge, strath applying layer 2 is grown, as shown in fig. ?6a. The thtekness is 300 nm. Source materials used 
include S^Hj and GeH* and the layer is grown at a growing temperature of 700'C, Tha Ge cornfsosittoti rat® * of tf» 

< s Si^esj, strain applying layer 2 is arbitrarily controllable. However, x = 0.2 to 0.4 provides a satisfactory result in order 
to opSmiie a strain to be applied to a strained Si layer t . In the present emfcodfmew, x is selected to be 0.3, The growth 
of the Sf and SIGe layers ts not limited to the chemical vapor deposition meshed. Any method capable of crystal growth 
having tha above composition may be used. Also, a Ge substrata or an SIGs mixed crystal substrate may be used in 
place of the SI substrate 13. in the case where the Ge compositional ratio is tonga, the use of a Ge substrate or an 

50 SSGs substrate havtng a larger Ge content facilitates the growth of tha St,.»Ge, strain applying layer 2 or makes It 
unnecessary. 

|8066J New, the strained SI layer 1 is grown and the surface is subjected to trrcrrnai oxfeJatten. Than, hydrogen Sara 
are implanted down to the depth of a cutting position 2B so that a defective Say or is formed at this position. Thus, there 
results in a state shown in fig. 1 6a. The separating position 2S may He in either the Si^^Ge, strain appfylrtg layer 2 or 
st fhe mined SI layer 1. 

[0070] Further, me surface oxide film and a separately prepared aupporttog auestrats 29 are bonded to each other 
a! a ponding pesftton 27, thereby resulting in a state shown in Fig. 1 6b, Then, the anneaSng to made at 50O*C, thereby 
causing the separation at the separating position 28. in the case wham the separating position 2« lies in the Sl^G*., 
strain applying layer 2, ihere results to a state as shown in Fig. 16c. to lh» case where the separating position 28 ties 
in the strained SI layer 1 , there results in a state as shown in Fig. 16d. in the case shown in Pig. 1 6c, an additional 
airshed Si iayer 1 with SO nm is epttaxtally grown on the surface, 

10071} Thereafter, a process similar to that in Embodiment 1 of the present invention or the Ska can bo used to 
manufacture CMOSFEPs. The use of the present substrate makes the ion impiantaSon into wefl layers unnecessary. 
Ftirtjwr. in Ota case of the structure shown in Rg. 16d, the effluence of holes into th* StSa strain applying iayer In 
J» pMOS does not occur. Therefore, It become* unnecessary to use that measure for prevention of the effluence of holes 
which is based on the doping, the application of a bias, or the Ilka. 

[0072] Also, since a stray rapacity fe greatly reduced, the operating speed of thecircuJtcorttafnirig trie present Cmqs- 
FETs car. be enhanced by about 40 % as compared with that when an ordinary Si substrate is used. 



{0073| By the method shown in Embodiment 1. coropfememary field effect transistors are fabricated with the {1(30} 
plane Si substrate 1 3 used and the Ge compotiitton ratio x of the Si^Ge* strain applying layer 2 variousfy changed, 
Tha electron and hole mofeSMes along the <001> direction to rise strained SI channel are estimated from the transcott. 
duetance of the dairtee.M shown to Tatotel, an Increase torn targe evert ff the Gecc 

ratio * m tew as 0.2. The unit is % for strain fjjoeitive vadje (or tensile strain) and crr&Vs for mobiBiy. 



Ge COMPOSmOM RATIO x 



Table 1 

aeCTFtON MOBitfTY 



HOLE MOBtLtTY 
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Ge COMPOSITION RATiOs 



Tabte! (continued) 



aECTTRON MOBitfTY 



HOLE MOBitfTY 



{0074} % the method shorn fa Embodiment 7, pMOSFETs era fabricated with the {1 00} plan* SI substrate 1 3 used 
and the Ge composition ratio * of the Si^Ge, strain appSying iayer 2 variously changed. The Nate mobBiiy afcrtg the 
<00t > direction in the strained Se channel is estimated from transconductance of the device*. As shown in Table 
2, the mobility makes a t aptd increase as there to subjected to the in-plane compressive «»fa. The unit t» % fat strain 
{positive value for terwlle strain) and crtrWe to mo&iaty. 



Go COMPOSITION RATIO : 



-2.4 



HOteMOBlUTY 



13SO0 



KtwitMNMtiO) 
>n and me ««0> direction in the 
strained SI channel nre estimated from the trarrsconductsnce of the devices. As shown in Tabie 3. the eieetron mobility 
in the <1 50> direction Is ferger than that m the <001 > direction. The unit is % for strain {postUva vaiue JortensSe strain) 
and 0ftr*rV» (or mobilSy. 



COMPOSITION RATiOti 



ELECTRON MOBILITY 



note MO&itrrv 



tMOUSTRiAt, APPUCABtLtTY 

fOOTSJ According to the embodiments of the present invention mentoned above, 8 is pt 
toy fieM effect transistors which nave a high speed and a fowpowerconsurnptfonando! 
such transistors are (ftcorporefed. 



1. A semfconductor device haying a cbarsn*) forming layer fa which a channel of a fiaid eifset transSster is termed 
a«d a strain appiying semiconductor layer which appSee a strain to the lattice of said channel terming tayer, the 
mobSSty of earners in said channel being larger than the mobBity of earners fa that materia! of said channel fofmfag 
fayer which te unstrained. 

2. A semiconductor device according to Claim 1 , wherein said channel tortwng layer is made of Si an-d the fa^tene 
lattice constant of the Si charms! forming fayer fe iarger than that of unstrained Si. 
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3. A sembo^^vfc* according to Claim 1 or 2. wherein 8* 5 o urc ^dmin regions of said few effect tmft *fot 0f 

8 A«mJ«««ftwtDc device coming to one of Ctaim* 1 to 5, wherein said m* effect earwtetor is of a p-ty™ 

ffl SMttemtiuaatleyst am} said ch^ne! forming teyor in tt* vicing of the imertece 

Between saw strain epplytrtg semiconductor foyer and boW channel forming layer is applied with art tonurftv ex- 
hi&Sing en n-type tor said strain applying somiconrfuctor layer and said Amu forming layer. 

7 ' JeTT*:^ -«•« 



». A seroteowfetctor device according to one of Claims 1 to 7. whereto «sfd (joy effect trensiater is of e o^ flnrf 
*»ld strain applying semicondiicto, layer has abias applying electrode. * * Ma* a** 

* IftlS^f' hav(f>8 8 fiak * **** tmmhtQT *> which the energy on top of lha valence band of 
the fottttaca between a channel terming foyer and one of foyer* adjacent to WiZrfecs. of said chale 
formtos )ayar fying on a gate mutating Mm aid, of said channel terming layer fe targer than that of the interface 



11. A Mmtondwtor device in which an energy barrfer for camera in « channel of afield affect tranefetor exists on a 

^SfZZt JT!?; ^ m0b% " e *" rt "» to * «» mobility ofLriere to mat 

materiel of said channel forming iaysr which is ur>«n>»«^ 




14, Asernfcon<k«3or<fovk»scr»r«r^toonarfC!atolSto 13, wherein said field effect! 
semfcondnctor layer which applies a straw to saW channe! forming foyer. 



has a strain applying 



^fo^d^^^ 



'LtZ^! *f^«T** **" * Si,.^ {0 < y S 1 > in which a channel * a p-typa n*, 
. .. _ is termed and a straw appfyirtg aemfeorxiuctor layer of SL..G9, {0 * x < j) *hteh sppses „ st rain 
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17. A sewicoTKJwtor device acwr*sg to Claim IS of 16, wherein the tftfcisness at each of said Si charoiei forming 
layer and u» Si^Ge, ertannef tormina, layer in Vtm rang* of t nm to 200 ran. 

1 8. A sen^onductor (tovtee according to one of Claims t to 1 7, wherein the semiconductor device has cc<woteme«tery 
field effect transistors, and said field effect transistor is a constisuBM element of said a>mfSaftieni»ry field effect 
transfctom, 

1S. A semiconductor device according to ene of Claims f to 8 and 14 to 17, wherein the semiconductor devfca has 
cwnpiemeniary f Said effect transistors, said fioid effect transistor » a constituent efarnent o! said complementary 
field effect transistors, and said channel forming layers of the p-type and n-type field effect transistors constituting 
said complementary field effect transistors are formed on different areas of said strain applying serRfcsmducter 
layer. 

20. A semiconductor device according to one of Claims 1 to 8 anti 1 4 to 1 7, wherein tt» semtee-nduclor device has 
comptemefttary fteid effect transistor*, said fiefd effect transistor is a ceitsttueM siemsrrt ot said eompiernentary 
tieid effect transistors, and said channel forming layers of the p-fype Bnd retype tteid effect transistors constituting 
said eompfemartery Said effect tr ansistors are formed on said strain applying semlcondwtor layer so that they 
ovsrtia each ether, 

21. A semiconductor device according to one of Claims 1 to 8, 14 to 17 and 19 to 20, wherein the surface- orientation 
ot each of said strain applying semiconductor layer and said channel forming layer is (100}. 

22. A semiconductor device according to one of Cfaims 1 to 8, 14 to 1 7 and 1 s to 20, wherein the surface orientation 
of each of said strain applying semiconductor layer and said channel forming layer is {110), and said channel is 
formed in a <110» direction or<001> direction in a piana normal to said {110}. 

23. A semiconductor device according to Claim 22, wherein the direction of said channel is said <1 1 0> direction Irt the 
case of an n-fype field effect transistor and is said < 110> direction or said <001 > direction in the case of a p-typa 
field effect tr&r*gjgtor, 

24. A semiconductor device In which en Si^Ge, layer (0 «; x < 1), a first SJ layer with a ihidcne** of 1 nm to 1 W nm, 
an StCj insulating iayer and a second Sf layer with a thickness of 1 nm to 100 nm are formed m this order on «n 
S! moftocrysisi *o thai they overSe each other. 

25. A semiconductor device in which an insulating layer, an Si iayer and an Sl^Ge, iayer {0 < * <. 1} are formed in 
this order on a supporting substrata so that they ovetSe each other. 

26. A semiconductor device to which an insulating layer and art Si layer are formed in ihis order on a supporting 
substrata so that they overlie each other, and the ir>plana taffies constant of said Si layer is larger thai of unstrained 
Si t>y a proportion less than 4 %. 

27. A semseondudor device according to one ot Claims 24 to 28, wherein the surface orientation of each of said 
Si^Ce, favor and said Si layer la {100}, 

28. A samicortducter device according to one of Claims 24 to 26, wherein the surface orientation of each of said 
S^Ge,. layer Bnd said Si layer is {110}, 
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FIG. 5 
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FIG. 7 
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FIG. 11 
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FIG, 12 
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FIG. 14 




FIG. 15 



EP 1 174 S26 A1 



FIG. 16a 



FIG. 16b 



13. 
2. 
K 

26" 
29" 



,28 
.28 

^27 



FIG. 16c 




26 "~ 
29 



FIG. 16d 



u 

26" 
29" 



^27 



INTERNATIONAL SEARCH REPORT 



pcr/jFoo/om? 



CtASSlfJCATfON OF SUBJECT MATTER 
XfituCr BO J 129/78 



1-3,16,17, 

IB, 20 
*-U, IS, IS, 



1-3, 5, IS, 
17,18,20 
*,6-I*,16, 



p»g* 2, Coluiss j, lined 



Coluso 3, line* 15 to 35 s p»gt «, 
jg* S, COIUJMJ S, lin* 3i ; Figs. 



JJ>, 10-27O685, *. {Soby Corp<w-*ticKVf . 
09 October, tSSS 

P«S« S, Column B, H«« l« Co page «, Colusa 
page 8, Colvaao 11, line 11 to page 9, Colusa 
Fig*. 1, S (Psmilyj no*) 

««9«20, A {K»bu»&iki K»ish« TO»b-ii5«! , 
02 October, i*»i (02.10.9X}, 
Cahjara a, lias *2 to Column 6, line SS 
t JP, 3-180*37, A 



JT. 6-rTOTS, k {Hitachi, Ud,), 




Form PCr/ISAfiiO {naoetyi {July 1992) 



gP117482SAt 



INTERNATIONAL SEARCH REPORT 



C{Cr»«i<»wi»K DOCUMENTS COKS1DEREO TO SS ptELEVAKT 



p*g» j, Colussa *, Ho* <Sj 



. 193* (a*.0*.9*). 
pag* J, Column 1, line 30 t 
yiga. 1 to S {JWly. am 

JP, 3-H7269, A <Kit*cM, «:<!.>, 
— ugust, 1S91 (IS. 00. SI). 

. . 2, lower right column, line 3 to p»ge 4, lower Xaft 
columo, li*« 15< p»g« 5, lowor left column, line* 3 
IS! Figs, X to 5, 10 (Familys none) 

P, S-8294*, A <7wehio» Corporation) , 

S March, 1SST (34.03.S71, 
page i. Coluran 5, line 28 to page 
Fig». 1, 2 (F«milyt no»»! 

30SS1J, A (Wocornl* Inc. I, 

1990 (17.U.1W), 
Coluam. 3, lina 10 Co page 



Column fi, Um 2Bt 



1,6,7,18 



3-i*,i«,ta^j 



k-i«,is,ia-2«, 



JP, S3-7S76S, A (Tokyo SMfcaura Dealti R.X.), 
07 .July, 1»7S (07.07.7«>. 
Full text (Panilyt nor.nl 



aa of jffiood *h«t} (July t»2) 



